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A B S T R A C T
Background: Effectiveness of simulation-based education in cardiac auscultation training is controver-
sial, and may vary among a variety of heart sounds and murmurs. We investigated whether a single
auscultation training class using a cardiology patient simulator for medical students provides
competence required for clinical clerkship, and whether students’ proﬁciency after the training differs
among heart sounds and murmurs.
Methods: A total of 324 fourth-year medical students (93–117/year for 3 years) were divided into groups
of 6–8 students; each group participated in a three-hour training session using a cardiology patient
simulator. After a mini-lecture and facilitated training, each student took two different tests. In the ﬁrst
test, they tried to identify three sounds of Category A (non-split, respiratory split, and abnormally wide
split S2s) in random order, after being informed that they were from Category A. They then did the same
with sounds of Category B (S3, S4, and S3 + S4) and Category C (four heart murmurs). In the second test,
they tried to identify only one from each of the three categories in random order without any category
information.
Results: The overall accuracy rate declined from 80.4% in the ﬁrst test to 62.0% in the second test
(p < 0.0001). The accuracy rate of all the heart murmurs was similar in the ﬁrst (81.3%) and second tests
(77.5%). That of all the heart sounds (S2/S3/S4) decreased from 79.9% to 54.3% in the second test
(p < 0.0001). The individual accuracy rate decreased in the second test as compared with the ﬁrst test in
all three S2s, S3, and S3 + S4 (p < 0.0001).
Conclusions: Medical students may be less likely to correctly identify S2/S3/S4 as compared with heart
murmurs in a situation close to clinical setting even immediately after training. We may have to consider
such a characteristic of students when we provide them with cardiac auscultation training.
 2016 The Author(s). Published by Elsevier Ltd on behalf of Japanese College of Cardiology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Cardiac auscultation is one of the most important physical
examination skills, providing useful information to diagnose
patients with a variety of heart diseases [1]. Not only does the
identiﬁcation of a typical heart murmur strongly suggest the
existence of a certain valvular heart disease or congenital heart
disease [2], but the presence of heart murmurs has also been
shown to predict new-onset heart failure in primary care* Corresponding author at: Tohoku University Graduate School of Medicine,
Ofﬁce of Medical Education, 2-1 Seiryo-machi, Aoba-ku, Sendai 980-8575,
Japan. Fax: +81 22 717 8223.
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creativecommons.org/licenses/by-nc-nd/4.0/).outpatients [3]. An abnormality in the second heart sound is also
a helpful clue in the diagnostic process of patients with overloaded
right ventricle or electrical conduction disturbances that affect
right ventricular performance [1]. The third sound is one of the
most important manifestations in patients with congestive heart
failure and has been shown to be independently associated with
adverse outcomes in patients with chronic heart failure [4]. Detec-
tion of the fourth sound at the left ventricular apex area suggests
increased diastolic stiffness in the left ventricle, which is most
likely to be found in older patients with hypertension [5]. However,
Mangione et al. have shown that cardiac auscultatory skills are
lacking not only in medical students but also in internal medicine
and family medicine trainees [6,7]. Furthermore, Vukanovic-Criley
et al. [8] reported that cardiac examination skills do not improve
after the third year of medical school, and may decline after yearsiveness of a cardiac auscultation training class with a cardiology
6), http://dx.doi.org/10.1016/j.jjcc.2016.10.011
 of Cardiology. This is an open access article under the CC BY-NC-ND license (http://
Table 1
Schedule of the three-hour cardiac auscultation training class using a cardiology
patient simulator.
Time Contents
1:00–2:30 p.m. Mini-lecture and auscultation training using a cardiology
patient simulator
2:30–3:00 p.m. Self-training with a cardiology patient simulator
3:00–3:30 p.m. First test followed by feedback
3:30–3:50 p.m. Mini-lecture and cardiac palpation using a simulator
(thrills, apex beat, etc.)
3:50–4:00 p.m. Second test followed by feedback
Table 2
Heart sounds and murmurs learned in the cardiac auscultation training class using a
cardiology patient simulator.
Category A Category B Category C
Non-split S2 S3 Aortic stenosis
Respiratory split S2 S4 Aortic regurgitation
Abnormally wide split S2 S3 + S4 Mitral regurgitation
Mitral stenosis
S2, second sound; S3, third sound; S4, fourth sound.
Students listen to all the three sounds of Category A (non-split S2, respiratory split S2 
and abnormally wide split S2) in random order, being informed that those three are 
from Category A  
Students listen to all the three sounds of Category B (S3, S4 and S3+S4) in random 
order, being informed that those three are from Category B 
Students listen to all the four heart murmurs of Category C (AS, AR, MR and MS) in 
random order, being informed that those four are from Category C  
Students listen to one sound or heart murmur from each of  the 3 categories, e.g., 
respiratory split S2, S4, and mitral regurgitation in random order without any category 





Fig. 1. Protocols of the ﬁrst and second tests. S2, second sound; S3, third sound; S4,
fourth sound; AS, aortic stenosis; AR, aortic regurgitation; MR, mitral regurgitation;
MS, mitral stenosis.
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acquire competence to identify these abnormal heart sounds and
murmurs preceding the participation in clinical clerkship.
Medical students in Japan have to pass the objective structured
clinical examination (OSCE) run by the Common Achievement
Tests Organization, a public interest incorporated association in
Japan, before they initiate clinical clerkship, usually in their ﬁfth
year of six-year undergraduate medical education [9,10]. The
clinical skills and attitude that medical students have to acquire
before participation in clinical clerkship are deﬁned by the
Common Achievement Tests Organization in Japan. With regard
to cardiac auscultation, students should be able to identify split
second sound (S2) and the existence of third (S3) and fourth (S4)
sounds as well as systolic and diastolic heart murmurs.
Although technology-enhanced medical simulation is a useful
tool for health professional learners to acquire a variety of
knowledge and skills as well as desirable behaviors [11], its
effectiveness in cardiac auscultation training is still controversial
[12–20]. Furthermore, it is not known whether the effectiveness of
auscultation training using a cardiology patient simulator differs
among a variety of heart sounds and murmurs. We investigated
whether a single three-hour cardiac auscultation training class
using a cardiology patient simulator in a rotational clinical-skills
training course preceding clinical clerkship provides our fourth-
year medical students with sufﬁcient competence for participation
in clinical clerkship. We also tried to determine whether students’
proﬁciency in cardiac auscultation at the end of the training class
varies among heart sounds and murmurs.
Methods
Participants and simulators
A total of 324 fourth-year medical students (93–117 students/
year for 3 years, 272 male and 52 female students) at Tohoku
University School of Medicine participated in a three-hour cardiac
auscultation training class using a cardiology patient simulator
(‘‘K’’, Kyoto-Kagaku, Kyoto, Japan) [21] during a rotational clinical-
skills training course in preparation for clinical clerkship that starts
in the ﬁfth year of a six-year undergraduate medical education. This
rotational clinical-skills training course consisted of 14 independent
single three-hour classes for medical interview, a variety of physical
examinations, and several basic clinical procedures including
standard precautions, venous blood sampling, surgical gown
technique, etc. Medical students were divided into groups
consisting of 6–8 students. Numbers of students assigned to the
groups, which had 6, 7, and 8 students, were 72 (22.2%), 140 (43.2%),
and 112 (34.6%), respectively. Each group visited the Clinical Skills
Laboratory at Tohoku University School of Medicine for cardiac
auscultation training in turn on Wednesday afternoon from the end
of August to the middle of December. Since this rotational clinical-
skills training class was part of a mandatory course, all of the fourth-
year medical students participated in not only our cardiac
auscultation training class but also all of the other training classes
of the course. Ethical approval was obtained from the Ethical
Committee of Tohoku University Graduate School of Medicine.
Two teachers (YK and MT) were engaged in this three-hour
auscultation training class. After a short introduction to the class,
the teachers gave a mini-lecture regarding cardiac auscultation
skills, heart sounds including both respiratory split and abnormally
wide split S2s, S3, S4, and four heart murmurs (aortic stenosis,
aortic regurgitation, mitral regurgitation, and mitral stenosis)
(Table 1). The abnormally wide split S2 represents such a sound as
heard in patients with right ventricular overload or complete right
bundle branch block. After the mini-lecture, we assigned one or
two students to each of four Simulator ‘‘K’’1 units, and the studentsPlease cite this article in press as: Kagaya Y, et al. Variation in effect
patient simulator among heart sounds and murmurs. J Cardiol (201practiced cardiac auscultation using the simulators while the two
teachers facilitated it. Cardiac sounds and murmurs learned by the
students in this class are shown in Table 2.
Simulator ‘‘K’’1 is a human-sized mannequin with four small
built-in speakers at the aortic, pulmonic, tricuspid, and mitral valve
areas. It provides 88 variations of cardiac sounds and murmurs,
including arrhythmias that were prerecorded from real patients
[21]. Therefore, in contrast to Harvey1 (Laerdal Medical, Stavan-
ger, Norway) [22–24], learners use an ordinary type of stethoscope
for Simulator ‘‘K’’1. A computer controls the simulator so that
respiratory split S2 is synchronized to both breath sounds and
respiratory abdominal wall motion. Furthermore, the simulator
has pulsations of the carotid arteries in addition to those of the
brachial, radial, and femoral arteries, which help learners to
distinguish systolic and diastolic murmurs.
Two different auscultation tests
After a mini-lecture and facilitated practice of distinguishing
heart sounds and murmurs using Simulator ‘‘K’’1, each student
took two different auscultation tests using the simulator (Fig. 1).iveness of a cardiac auscultation training class with a cardiology
6), http://dx.doi.org/10.1016/j.jjcc.2016.10.011
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tests would have no bearing on the grade of this rotational clinical-
skills training course. All the students consented to participate in
the study. The ﬁrst test consisted of three parts. First, the students
listened to three heart sounds in Category A (non-split S2,
respiratory split S2, and abnormally wide split S2) in random
order, having been informed that those three sounds were from
Category A, tried to identify each of the three, and wrote their
answers. Second, the students listened to three heart sounds in
Category B (S3, S4, and S3 + S4) in random order, again having been
informed that they were from Category B, and tried to identify each
sound. Third, they answered in exactly the same way regarding
Category C (aortic stenosis, aortic regurgitation, mitral regurgita-
tion, and mitral stenosis). Immediately after the ﬁrst test, the
teacher gave feedback to the students so that they were able to
conﬁrm which heart sounds or murmurs they correctly identiﬁed
and which ones they did not, before they proceeded to the second
test.
In the second test, students listened to only one sound or
murmur from each of the three categories in random order without
being informed of the category, tried to identify each of two sounds
and one murmur, and wrote their answers. These two sounds and
one murmur had been selected randomly from each of the three
categories before each class. Immediately after the second test, the
teacher gave feedback to the students.
Statistical analysis
Comparisons of the accuracy rates between the ﬁrst and second
tests and between S2/S3/S4 and cardiac murmurs were made by
Fisher’s exact test using JMP 9.0.0 software (SAS Institute Inc., Cary,
NC, U.S.A.). We also used Fisher’s exact test to compare the
accuracy rates of S2/S3/S4 between the students who correctly
identiﬁed heart murmurs and those who did not. Accuracy rates
were compared among the groups of 6, 7, and 8 students using Chi-
squared test. A p-value of <0.05 was considered statistically
signiﬁcant.
Results
Overall accuracy rate was 80.4% (2606 out of 3240 heart sounds
or murmurs) in the ﬁrst test and 62.0% (603 out of 972 heart
sounds or murmurs) in the second test, and the difference was
statistically signiﬁcant (p < 0.0001). The difference in the overall
accuracy rates between the ﬁrst and second tests was predomi-
nantly due to a signiﬁcant decline in the accuracy rate of all the S2/
S3/S4 in the second test as compared with the ﬁrst test (54.3% vs.
79.8%, 352 out of 648 sounds vs. 1552 out of 1944 sounds,
p < 0.0001, Fig. 2A). The accuracy rate of all the heart murmurs was
81.3% (1054 out of 1296 murmurs) in the ﬁrst test and 77.5%
(251 out of 324 murmurs) in the second test, and there was no
signiﬁcant difference between the two tests (Fig. 2A). The accuracy
rates of each heart sound and heart murmur are shown in Fig. 2B,
and were signiﬁcantly lower in the second test than in the ﬁrst test
regarding all the three sounds of Category A and two sounds of
Category B (S3 and S3 + S4) (p < 0.0001 for each comparison).
In the second test, 46.6% (138 out of 296) of wrong answers to
the questions of S2/S3/S4 were sounds from different categories
while only 13.7% (10 out of 73) of wrong answers to the questions
of heart murmurs were sounds from different categories
(p < 0.0001). For instance, when students listened to S3 (Category
B) in the second test, 50.0% (29 out of 58) of the wrong answers
were sounds from Category A. With regard to heart murmurs, this
mostly happened with the murmur of mitral stenosis (9 out of
10 wrong-category answers). Actually, when students listened to
the murmur of mitral stenosis (Category C) in the second test,Please cite this article in press as: Kagaya Y, et al. Variation in effect
patient simulator among heart sounds and murmurs. J Cardiol (20111.5% (9 out of 78) of the answers for mitral stenosis were sounds
from Category A and Category B. In other words, 11.5% of the
students who listened to the murmur of mitral stenosis were not
able to identify it as a heart murmur in the second test.
Although each student listened to all the heart sounds and
murmurs of the three categories in the ﬁrst test, he or she listened
to only one heart sound or murmur from each of the three
categories in the second test (Fig. 1). To determine whether the
differences in the numbers of heart sounds and murmurs that the
students listened to between the ﬁrst and second tests may have
affected the results, we additionally analyzed selected data
consisting of only answers to heart sounds and murmurs that
individual students listened to in both the ﬁrst and second tests.
For instance, when we compared the accuracy rates of S3 between
the ﬁrst and second tests, we selected only data from students who
had listened to S3 in both the ﬁrst and second tests. The results of
the additional analysis are demonstrated in Fig. 3A and B, and were
exactly the same as those of the original analysis shown in Fig. 2A
and B.
The number of students assigned to each cardiac auscultation
training class was 6, 7, or 8. Accuracy rate was signiﬁcantly
different among the groups of 6, 7, and 8 students with regard to
S2/S3/S4 in the ﬁrst test (77.8%, 77.6%, and 83.9%, respectively,
p < 0.01). There were no signiﬁcant differences in the accuracy
rates among groups of 6, 7, and 8 students with regard to S2/S3/S4
in the second test or heart murmurs in both the ﬁrst and second
tests. Finally, in the ﬁrst test, the accuracy rate of S2/S3/S4 in the
students who correctly identiﬁed three to four heart murmurs was
signiﬁcantly higher than that in those who identiﬁed only zero to
two heart murmurs (82.3% vs. 74.0%, p < 0.0001). In the second
test, the accuracy rate of S2/S3/S4 in the students who correctly
identiﬁed a heart murmur was also signiﬁcantly higher than that in
those who failed to do so (56.8% vs. 45.9%, p < 0.05).
Discussion
We demonstrated that the accuracy rate of cardiac auscultation
decreased in the second test, which was closer to clinical setting
than the ﬁrst test. This was predominantly due to incorrect
identiﬁcation of S2/S3/S4 in the second test. These results suggest
that a single cardiac auscultation training class using a cardiology
patient simulator alone may not be sufﬁcient for medical students
to acquire competence necessary for clinical clerkship, and that
medical students are less likely to correctly identify S2/S3/S4 as
compared with heart murmurs even immediately after the
auscultatory training.
Although cardiac auscultation is a key clinical skill, medical
students and residents are lacking proﬁciency in cardiac ausculta-
tion [6,7]. Furthermore, cardiac examination skills may not
improve after the third year of medical school, and may decline
after years in clinical practice [8]. It is natural that the Common
Achievement Tests Organization in Japan deﬁnes the identiﬁcation
of split S2, the existence of S3 and S4 and both systolic and diastolic
murmurs as an essential clinical skill that medical students have to
acquire before they participate in clinical clerkship. The ﬁrst test in
our three-hour auscultation training class was designed to provide
the students with an opportunity to try to identify variations of S2,
the existence of S3/S4, and four different heart murmurs, being
informed of the categories these heart sounds and murmurs
belonged to. Since the teachers gave feedback immediately after
the test, the students were able to conﬁrm which heart sounds or
murmurs they correctly identiﬁed and which ones they did not
before they proceeded to the second test. Actually, we expected
that the ﬁrst test would reinforce the proﬁciency in cardiac
auscultation acquired by a mini-lecture and facilitated ausculta-
tion training. Overall accuracy rate in the ﬁrst test was 80.4%,iveness of a cardiac auscultation training class with a cardiology
6), http://dx.doi.org/10.1016/j.jjcc.2016.10.011
Fig. 2. (A) Accuracy rates of S2/S3/S4 and heart murmurs in the ﬁrst and second tests. S2, second sound; S3, third sound; S4, fourth sound. Each number represents the number
of S2/S3/S4 or heart murmurs that students listened to. In the ﬁrst test, the students listened to three heart sounds in Category A, three heart sounds in Category B, and four
heart murmurs in Category C, having been informed of the category. In the second test, students listened to only one heart sound or murmur from each of the three categories
without being informed of the category. Since a total of 324 students participated in the class, the number of heart sounds or murmurs that the students listened to was 1944
(6  324) for S2/S3/S4 and 1296 (4  324) for heart murmurs in the ﬁrst test, and 648 (2  324) for S2/S3/S4 and 324 (1  324) for heart murmurs in the second test. (B)
Accuracy rates of each heart sound and murmur in the ﬁrst and second tests. S2, second sound; S3, third sound; S4, fourth sound; AS, aortic stenosis; AR, aortic regurgitation;
MR, mitral regurgitation; MS, mitral stenosis. Each number represents the number of each heart sound or murmur that students listened to. Since a total of 324 students
participated in the class, the number of each heart sound or murmur that the students listened to was 324 in the ﬁrst test. The number was approximately one-third for each
in Categories A and B and one-fourth for each in Category C in the second test as compared with the ﬁrst test since students listened to only one heart sound in each of Category
A and Category B, and one heart murmur in Category C in the second test. *p < 0.0001 vs. the ﬁrst test.
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cardiology patient simulator in several previous studies [18], and
was much higher than those reported in students and trainees with
other interventions or no speciﬁc training [6,7,18].
Although students tried to identify a sound or a murmur among
3 or 4 choices from each category in the ﬁrst test, they had to do so
among 10 choices in the second test, which deﬁnitely made the
second test more difﬁcult. Furthermore, the second test was much
closer to clinical setting than the ﬁrst test since they were not
informed of the category of each heart sound and murmur. The
accuracy rate of S2/S3/S4 signiﬁcantly decreased from 79.8% in the
ﬁrst test to 54.3% in the second test (Fig. 2A) although that of heartPlease cite this article in press as: Kagaya Y, et al. Variation in effect
patient simulator among heart sounds and murmurs. J Cardiol (201murmurs did not change signiﬁcantly. Actually, 46.6% of the wrong
answers to the questions of S2/S3/S4 were sounds from different
categories while only 13.7% of those to the questions of heart
murmurs were sounds from different categories. These results
suggest that their proﬁciency in identifying S2/S3/S4 was still low
in spite of good performance in the ﬁrst test, and that the single
three-hour cardiac auscultation training class alone may not be
effective enough for the students to achieve competence in cardiac
auscultation required in clinical clerkship.
Although several previous studies employed both S2/S3/S4 and
heart murmurs to evaluate the proﬁciency of learners, they did not
mention whether there was a difference between S2/S3/S4 andiveness of a cardiac auscultation training class with a cardiology
6), http://dx.doi.org/10.1016/j.jjcc.2016.10.011
Fig. 3. (A) Accuracy rates of S2/S3/S4 and heart murmurs calculated by using only data of heart sounds and murmurs that individual students listened to in both the ﬁrst and
second tests. Each number represents the number of S2/S3/S4 or heart murmurs that individual students listened to in both the ﬁrst and second tests. The numbers in the ﬁrst
test are smaller than those of corresponding S2/S3/S4 and heart murmurs in Fig. 2A since we calculated accuracy rates using only heart sounds and murmurs that individual
students listened to in both the ﬁrst and second tests. (B) Accuracy rates of each heart sound and murmur calculated by using only data of heart sounds and murmurs that
individual students listened to in both the ﬁrst and second tests. Each number represents the number of each heart sound or murmur that individual students listened to in
both the ﬁrst and second tests. The numbers in the ﬁrst test are smaller than those of corresponding heart sounds and murmurs in Fig. 2B since we calculated accuracy rates
using only heart sounds and murmurs that individual students listened to in both the ﬁrst and second tests. *p < 0.0001 vs. the ﬁrst test. S2, second sound; S3, third sound; S4,
fourth sound; AS, aortic stenosis; AR, aortic regurgitation; MR, mitral regurgitation; MS, mitral stenosis.
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Champagne et al. [25] suggest that the average score was higher in
S2/S3/S4 (correctness of 75.8%) than in heart murmurs (66.1%)
immediately after vigorous auscultation training for 37 graduate
students in master’s level nursing courses using Heart Sim II1, a
heart sound simulator. In their study, the students were told the
location of the auscultatory area they were supposed to be
listening to. Differences in the simulators (a cardiology patient
simulator vs. a heart sound simulator) and in the participants
(medical students before clinical clerkship vs. nurses with clinical
experience of 7.1 years on average) might explain the different
results.Please cite this article in press as: Kagaya Y, et al. Variation in effect
patient simulator among heart sounds and murmurs. J Cardiol (201The reasons for the poor proﬁciency in identifying S2/S3/S4
demonstrated in our present study may include the following.
First, the students had already attended a series of lectures for a
total of 42 h regarding diagnosis and both medical and surgical
treatments of cardiovascular diseases at least three months prior to
our cardiac auscultation training class with a cardiology patient
simulator. Although they learned about split S2s, S3, S4, and heart
murmurs not only in the lectures about physical examinations, but
also in those about each speciﬁc heart disease, their preparedness
to learn heart sounds and murmurs using a simulator may have
been insufﬁcient. Amendment of the series of lectures by
emphasizing the importance of cardiac auscultation would beiveness of a cardiac auscultation training class with a cardiology
6), http://dx.doi.org/10.1016/j.jjcc.2016.10.011
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provided students with a mini-lecture regarding split S2s, S3, and
S4, in addition to that for heart murmurs, prior to the auscultation
tests, it may not have sufﬁciently helped the students identify
these heart sounds correctly. A pretest to conﬁrm the students’
preparedness with regard to S2/S3/S4 and heart murmurs would
help us amend our three-hour cardiac auscultation training class to
improve the proﬁciency of students to correctly identify S2/S3/S4.
Third, heart sounds prerecorded from real patients, but not
synthesized by a computer, used in Simulator K1 [21] might have
made the identiﬁcation by students difﬁcult although the
characteristics of sounds are realistic. Repetition of cardiac
auscultation training might help students to improve their
proﬁciency in identifying S2/S3/S4 as Penta et al. [27] and Barrett
et al. [28] reported with regard to heart murmurs. The accuracy
rate of mitral stenosis in the second test was the worst among the
four heart murmurs and 11.5% of the students were not able to
identify it as a heart murmur in the second test. Amendment may
also be required for the auscultation training class with regard to
the murmur of mitral stenosis.
Each student listened to only one heart sound or murmur from
each of the three categories in the second test due to limited time
available for our auscultation training class. The numbers of heart
sounds and murmurs that the students listened to, therefore,
differed between the ﬁrst and second tests. It is unlikely, however,
that the difference in the numbers resulted in the large differences
in the accuracy rates of S2/S3/S3 between the two tests. This is
because the additional analysis using only data of heart sounds and
murmurs that individual students listened to in both the ﬁrst and
second tests revealed exactly the same results as the original
analysis did (Fig. 3A and B).
The effectiveness of a cardiology patient simulator in cardiac
auscultation training is still controversial. Several investigators
have demonstrated that simulation-based medical education is
effective in cardiac auscultation [12,14,15,17,19]. In contrast,
others reported no signiﬁcant differences in the proﬁciency in
cardiac auscultation between learners trained by high-ﬁdelity
simulation and those trained by low-ﬁdelity simulation or no
intervention [13,16,18,20]. In our present study, the accuracy
rates in identifying heart murmurs were 81.3% in the ﬁrst test
and 77.5% in the second test. These numbers are comparable to
those in learners trained by Harvey1 [18], and are much higher
than those reported in learners with other interventions or no
speciﬁc training although time spent for training and the interval
between the training and testing varied among the studies
[6,7,18]. We believe, therefore, that our auscultation training
class was effective with regard to heart murmurs although we
did not compare the proﬁciency in cardiac auscultation between
students with and without training using a cardiology patient
simulator.
Accuracy rate was signiﬁcantly different among the groups of
6, 7, and 8 students with regard to S2/S3/S4 in the ﬁrst test.
Reasons for the higher accuracy rate of S2/S3/S4 in the ﬁrst test in
the groups consisting of 8 students than that in the groups of 6 or
7 students are not clear. We assigned 1 or 2 students to each of four
cardiology patient simulators. Assigning two students to every
simulator may have been beneﬁcial for them to learn S2/S3/S4
since they could have discussed with each other how to
distinguish the sounds during the training with a simulator
before the ﬁrst test. Finally, students who correctly identiﬁed
heart murmurs were more likely to correctly identify S2/S3/S4 in
both the ﬁrst and second tests. These data suggest that there is a
correlation between proﬁciency in identifying S2/S3/S4 and that
in discriminating heart murmurs even though they were less
likely to correctly identify S2/S3/S4 as compared with heart
murmurs in the second test.Please cite this article in press as: Kagaya Y, et al. Variation in effect
patient simulator among heart sounds and murmurs. J Cardiol (201Limitations of the study
There are several limitations in the present study that we
should mention. First, the students took cardiac auscultation tests
immediately after a mini-lecture and facilitated auscultation
training. Therefore, we do not know whether the high accuracy
rates in identifying heart murmurs would be retained during their
clinical clerkship. Second, we evaluated the proﬁciency of our
medical students only using a cardiology patient simulator, but not
in real patients. Therefore, we do not know whether their
competence in cardiac auscultation is transferable to real clinical
setting with actual patients in whom medical students would be
less likely to correctly identify heart sounds and murmurs
[29]. Third, although Simulator ‘‘K’’1 provides learners with
prerecorded heart sounds and murmurs from real patients, only
a single sound or murmur is available for each pathological
condition with a few exceptions. Therefore, we do not know
whether the students can identify several variations of heart
sounds and murmurs as well. Using a novel and compact
instrument such as a stethoscope with a small microphone
inserted into the tubing [30,31] may compensate for a fault of the
cardiology patient simulator since a variety of heart sounds and
murmurs can be recorded from real patients to provide for
students. Fourth, it would be interesting to compare the accuracy
rates in the cardiac auscultation tests to attendance rates at
lectures or scores of examinations in internal medicine. However,
informed consent was obtained from our medical students
exclusively to analyze the accuracy rates of the cardiac ausculta-
tion tests, but not to utilize attendance rates at lectures or scores of
examinations in internal medicine for the present study. Finally,
we were not able to compare the proﬁciency of cardiac
auscultation in the fourth-year medical students who had
completed this class to that in students who had not participated
in the training since this class was a part of a mandatory training
course provided for our students prior to participation in clinical
clerkship. Furthermore, we believe that it is not ethically right to
have a control group that consists of medical students who are not
allowed to learn cardiac auscultation with a cardiology patient
simulator. We could have enrolled medical residents as a surrogate
control group. However, it is highly possible that such young
doctors would have had a variety of experiences regarding cardiac
auscultation training in both undergraduate and postgraduate
medical education, which may have made understanding the
results of the comparison study difﬁcult.
Conclusions
After a three-hour cardiac auscultation training class using a
cardiology patient simulator, the accuracy rate was low in a
situation close to clinical setting. This was predominantly due to
the poor proﬁciency in identifying S2/S3/S4 as compared with
heart murmurs. A single three-hour training class using a
cardiology patient simulator alone may not be sufﬁcient for
medical students to achieve competence necessary for clinical
clerkship. Medical students may be less likely to correctly identify
S2/S3/S4 as compared with heart murmurs. We may have to
consider such a characteristic of medical students when we
provide them with cardiac auscultation training.
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